Abstract: Ultrasonic velocity, density and viscosity of the ternary mixture of 1, 4-dioxane + chloroform + cyclohexane, were measured at 303.15, 308.15 and 313.15 K. The thermodynamical parameters such as adiabatic compressibility (β), intermolecular free length (L f ), free volume (V f ), internal pressure (π i ), acoustic impedance (Z), molar sound velocity (R) and molar compressibility (W) have been obtained from the experimental data for all the mixtures, with a view to investigate the exact nature of molecular interaction. Adiabatic compressibility and intermolecular free length decrease with increase in concentration and temperature. The other parameters show almost increasing concentration of solutes. These parameters have been further used to interpret the molecular interaction part of the solute and solvent in the mixtures.
Introduction
Ultrasonic velocity affects the physical properties of the medium and hence one can furnish information about the liquid and liquid mixtures. In recent years, ultrasonic velocity is gaining importance in understanding the nature of solute-solvent interactions 1 . Knowledge of thermodynamic and acoustical properties is of great significant in studying the physical behaviour and molecular interactions in a variety of liquid mixtures of pure 2, 3 , liquid mixtures [4] [5] [6] and electrolytic solutions [7] [8] [9] [10] . A survey of literature shows that scanty work has been done on binary mixtures phenol with some organic liquids 4, 5 . The present work reports evaluation of some acoustical parameters of ternary mixtures of 1, 4-dioxane + chloroform + cyclohexane at 303.15, 308.15 and 313.15 K.
The adiabatic compressibility, intermolecuar free length, free volume, internaal pressure, acoustical impedance, Rao's constant and Wada's constant of mixtures at various temperatures haven been studied in the present paper. Such data are expected to highlight the role of solute and solvents in the solutions and its influence on temperature.
Experimental
The ultrasonic velocity in the liquid mixtures have been measured using an ultrasonic Interferometer (Mittal type -82, New Delhi, India) working at 2 MHz frequency with accuracy ±0.1 ms -1
. The Interferometer is a fixed frequency variable path type. Ultrasound of constant frequency is generated at the bottom of the cylindrical sample cell using quartz crystal and is sent into the medium under study. The propagated waves after getting reflected at the reflector surface held at the top of the cell, again travels back through the same medium. These two waves form stationary wave pattern and hence nodes and antinodes are formed in the medium. A fine micrometer screw is provided in the set up that allows for finer movements of the reflector plate in the medium. Thus moving the reflector plate for a fixed number of antinode (or node) positions, the distance moved for a known number of waves can be known. Use of frequency with these data will yield the sound velocity in the medium. The density and viscosity are measured using a Pycnometer and an Ostwald's viscometer of accuracy of ±0. 
Theoretical aspects
Various acoustical parameters such as adiabatic compressibility, intermolecular free length, free volume, internal pressure, acoustical impedance, molar sound velocity, molar compressibility, classical absorption coefficient and relaxation time have been evaluated on the basis of experimental data on density, velocity and viscosity from the standard equations (1 -7).
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Results and Discussion
From Table 1 , the value of ultrasonic velocity is increasing trend with concentration of cyclohexane. The value of density also increasing trend with increasing molality of cyclohexane, increases the particles in the medium and so the values of sound velocity also increases. The increasing density values increases the frictional resistance between the constituents of the mixture, it tends to increase the coefficient of viscosity of the solutions. The observed increasing trend of sound velocity indicates association among the molecules and greater solute-solvent interaction, density and viscosity indicates that the existence of interaction between the constituents of the mixtures. The observed (U), (ρ) and (η) decreases with increasing temperature shows that the interaction are less at high temperatures. The higher values are observed in the order of 303.15>308.15>313.15 K. The increase in thermal energy weakens the molecular forces and hence the decrease in velocity is expected. Table 2 , the value of adiabatic compressibility (β) the ease with which the medium can be compressed is higher in lower concentration. This shows the more available space, due to the density of the medium. Intermolecular free length depends upon adiabatic compressibility and shows a similar to that of compressibility's. The L f is found to be a predominant factor to determining the nature of ultrasonic velocity in liquid mixtures. The intermolecular free length (L f ) is the mean distance between the surfaces of neighboring molecule, also reflects the same trend as that of β. This indicates significant interaction between solute and solvent molecules. With increase in temperature, since adiabatic compressibility increases, it clearly indicates temperature dependence ofβ. The value of intermolecular free length (L f ) shows the decreasing trend in an increase of (CYH) concentration in all solvent systems 12, 13 . This is in agreement with the observations made by Syal et al. 14 With increase in temperature, the magnitude of L f increases.
From the same Table 2 , it is noticed that a concentration of (CYH) increases, the free volume decrease whereas internal pressure increases. The internal pressure (π i ) is the resultant of force of attraction and force of repulsion per unit area between the components of the mixtures. The measured values are in same trend with that of the concentration of solutes, the average available volume between the molecules of mixture is referred as free volume (V f ) reflects the reverse trend as that of internal pressure. However, with rise in temperature, increase in free volume and decrease in internal pressure are noticed in all systems. This suggests the close packing of the molecules inside the shield 15, 16 .
From Table 3 , it has been indicated that the values of molar sound velocity (R) and molar compressibility (W) observed are in increase in trend in all concentration and are independent of temperature, pressure and concentration for unassociated and weakly associated molecules. The values suggest the availability of more number of components in a given region thus leads to a tight packing of the medium and thereby increase the solute-solute interactions. In the present system, R and W are found to be independent of temperature but show a gradual increase as (CYH) content is increased in the solvent mixture 17, 18 . S. NITHIYANANTHAM et al. Table 2 . Calculated values adiabatic compressibility (β), intermolecular free length (L f ), free volume (V f ) and internal pressure (π i ) of 1,4-dioxane + chloroform + cyclo hexane at 303. 15 Table 3 , the acoustical impedance Z is the product of ultrasonic velocity and the density of the medium, in general increase with increase in molality of toluene. The higher values are observed in 303.15 K whereas lower values at 313.15 K. An increase in trend of acoustical impedance hints the closeness of solute particle and hence enhancing the existing interactions. The observed increase in Z with composition of the mixture is an evidence for the presence of interaction between the components of the liquid mixtures under study. Similar conclusion was arrived by Hasun 19 , the same trend as that of Z by Suryanarayana 20 and Raveendranath and Ramamurthy 21 . The same trend was observed in our earlier works [22] [23] [24] [25] .
Conclusion
From the Ultrasonic measurements we can find a general conclusion about strong intermolecular interaction between the components in the mixtures, measured and calculated acoustical parameters, solute-solvent and solute-solute interactions are predicted, but solutesolvent interactions are higher than solute-solute interaction. The order of temperatures in 313.15>308.15>303.15 K.
